Although it has been known for many years that tri alkyl phosphates form 1 : 1 complexes with protic acids in solution l' 2, no attention has been paid to their iso lation, and their volatility has passed almost unnoticed. To our knowledge the only 1 : 1 adducts which have been isolated by distillation are those alkyl hydrogen alkylphosphonothionates with alkyl ethyl alkylphosphonothiolates 3. During our study of the solvolvsis of phosphoryl derivatives (1) in the presence of silver nitrate 4, we observed the formation of 1 : 1 complexes (2) with nitric acid. In several cases they were readily separated by distillation in vacuo.
1.2-diondioximato) rhodium (II) und Bis(monomethylglyoximato) rhodium (II) als ebenfalls schwarze Ver bindungen erhalten.
Bis(cyclohexan-1.2-diondioximato)rhodium(lI) :
Ber. C 37,40 H 4,67 N 14,54, Gef. C 36,92 H 4,56 N 13,75.
Bis(monomethyl-1.2-diondioximato)rhodium(II) :
Ber Although it has been known for many years that tri alkyl phosphates form 1 : 1 complexes with protic acids in solution l' 2, no attention has been paid to their iso lation, and their volatility has passed almost unnoticed. To our knowledge the only 1 : 1 adducts which have been isolated by distillation are those alkyl hydrogen alkylphosphonothionates with alkyl ethyl alkylphosphonothiolates 3. During our study of the solvolvsis of phosphoryl derivatives (1) in the presence of silver nitrate 4, we observed the formation of 1 : 1 complexes (2) with nitric acid. In several cases they were readily separated by distillation in vacuo.
RR'P(0)X + R"OH + AgN03 RR'P(0)(0R") -HN03
(1) (2) X = C1, SEt; R = R' = CH30, C2H50 or R = C2H5, R' = C2H50 ; r " = c h 3, c 2h 5
The complexes (2) are identical with those prepared by direct action of nitric acid on the corresponding phosphorus esters. Physical properties and analytical data for (2) are almost unaffected by distillation.
In addition to the volatile complexes described in the table 1, the 2 : 1 complex with tetraethyl hypophosphate was isolated; it was not stable enough to be distilled. The complexes (2) are stable when kept in the dark and their titration curves with 0.01 N NaOH are identical with that of free nitric acid. The phos phorus esters can be recovered by the action of an equivalent amount of a base; e.g. tertiary amine in etheral solution. It is interesting to note that in no case dealkylation of the phosphate ester was observed. Both i.r. and p.m.r. spectra show that the complexes (2) involve hydrogen bonding between the basic oxygen atom of the phosphoryl group and the OH group of nitric acid. This results in a shift of the absorption corresponding to the phosphoryl group by 62 cm-1 towards lower frequency. In the region at 2620 cm" 1 a strong broad band appears which is not present in the spectra of either the trialkylphosphate or nitric acid5. The p.m.r. spectrum of TMP-HN03 (Varian H-60, TMS as reference, 5% CC14 solution) shows a nine proton methyl group double shifted slightly downfield (dcH3 = 3.80 p.p.m., JpocH = 11-2 Hz) when com pared with that of TMP (< 5 ch3 = 3.71 p.p.m., JpocH = 11.0 Hz). The OH group signal appears at very low field (<5o h = 15.7 p.p.m.). The 31P n.m.r. spectrum (neat, 85% phosphoric acid as external standard) shows a signal at d = -0.82 p.p.m. (c. f. TMP = 2.34 p.p.m.). Both the magnitude and direction of the changes in chemical shift are similar to those of a phosphoryl group either engaged in hydrogen bonding 6 or coordinated with a metal 7.
We also report that the 1 : 1 complexes prepared by addition of equimolar amount of trimethyl and tri ethyl phosphates (TMP and TEP) to monochloro, dichloro and trichloro acetic acids (MCA, DCA and TCA respectively) in chloroform solution can also be readily distilled.
(RO) 3PO • Cl"H(3-")CCOOH
Boiling points and refraction indexes of (3) are given in Table 2 All complexes (3) the TMP-TCA complex shows PO absorption shifted by 5 3 cm-1 towards lower frequency and two absorp tion bands at 2 7 6 0 cm-1 and 2 5 7 0 cm-1 absent in both the spectrum of TMP and TCA. These observations correspond to those of The surprising stability of complexes (2) and (3) might be explained not only by the strong hydrogen bond 10 but perhaps by additional dn -p.T interaction between phosphorus and oxygen atoms of a CO or NO group. Similar interaction was postulated by A k s n e s and A l b r i k t s e n in connection with hydrogen bonding between organic phosphoryl compounds and phenol n . Die Substanz hat einen intensiven moschusartigen Geruch -das wurde in der Literatur bisher nicht be schrieben. Ein US-Patent2 empfiehlt die Substanz als Insektenabschreckmittel.
Unsere Parfümeure bestätigten den Moschusgeruch der Verbindung. In der Literatur 3 beschriebene natür liche und synthetische Substanzen mit Moschusgeruch sind cyclische Verbindungen; der aliphatische a-Hydroxyiminoisocapronsäureäthylester ist also eine Aus nahme.
Ein Atomkalottenmodell der Verbindung entsprach in Größe und Form den Forderungen, die A m o o r e 4> 5 in seiner streospezifischen Geruchstheorie an Substan zen mit Moschusgeruch stellt.
